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Preliminary and Short Report
ULTRASTRUCTTJRE OF BLASTOSPORES OF CANDIDA ALBICANS
AFTER FERMANGANATE FIXATTON*
L. F. MONTES, M.D., T. A. PATRICK, M.D., S. A. MARTIN AND M. SMITH, MA.
Although several publications describe the ul-
trastrueture of yeast Cells (1—8) only a few refer
briefly to Condido olbicons (9—12). In view of this
and of the increasing importance of C. elbicens
as a cause of both superficial and systemic disease
(13), a study of its fine structure was considered
worthwhile.
MATERIAL AND METIIODS
In agreement with the observations of Gale
(10) that osmium tetroxide is not a very satisfac-
tory fixative for C. elbicens, preference also has
been given in our laboratory to the use of potassium
permanganate (12—2 per cent) in aqueous un-
buffered solutions. The fixation is carried out at
2—4° C. for a period of 50 minutes to one hour with
favorable results (Fig. 1) which compare with
those of Gale (10, 11) and Bakerspiegel (12).
In more recent experiments, the use of lithium
permanganate (LiMnO4), as suggested by Mollen-
hauer (14) and Afzelius (15), also resulted in good
fixation of C. elbicens. Cells were scraped from the
surface of the colooies after 24 to 96 hours of
room temperature growth in Sabouraud's dextrose
agar or in Mycological Agar (Difco). They were
then fixed in unbuffered aqueous solutions of
LiMnO4 (5—15 per cent) from three to four hours
at room temperature. Dehydration was performed
using graded concentrations of acetone, and em-
bedding in a mixture of Epon and Araldite (16).
Ultrathin sections were obtained with a Porter-
Blum microtome. The sections were studied with
an RCA EMU 3F electron microscope using an
accelerating voltage of 50 kv.
RESULTS AND DI5cUSSION
Observations thus far have been performed on
blastospores only. Our preliminary observations of
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these cells as seen after potassium and lithium per-
manganate fixation are summarized in this report.
The cell well was seen as a thick layer whose
electrondensity was greater in the outer part in
contact with the external medium (Figs. 1, 4, 5).
Well-defined layers within the cell wall as described
by Bakerspiegel (12) in both blastospores and
chlamydospores were not observed. The plasme
membrene frequently showed short intracytoplas-
mie invaginations (Fig. 5). These invaginations
were particularly apparent in material fixed with
LiMnO4.
Mitechondria were well developed and numer-
ous, varying in size and number from cell to cell.
They had an external double membrane and cris-
tae which often were parallel (Figs. 3, 4). A well-
developed endople.smic reticulum made up of
relatively straight double membranes was particu-
larly evident in blastospores fixed with LiMnO4
(Fig. 4). Fixation in KMnO, also preserved these
membranes although not as well as LiMnO,. In
cells fixed with LiMnO4, the cytoplasmic ground
substance was finely granular (Fig. 3). With
KMnO4-fixed cells, this granularity was increased
to an undesirable extent. For this reason we pre-
ferred LiMnO4 to KMnO4. This and other effects
of the permanganates, such as the lack of preser-
vation of ribesomes and the washed-out appear-
ance of the nucleus, were recently discussed by
Afzelius (17).
As observed in various yeasts (5, 7, 8) one or
several vecueles, sometimes of large Size, were
seen in almost every cell (Figs. 1, 2, 4). These
vacuoles had a limiting membrane. The uniformity
of this membrane often was altered by intra-
vacuular protrusions of the cytoplasm.
The nucleus was encompassed by a double-
layered nuclear membrane (Fig. 5) with several
nuclear pores (Fig. 1). These pores were about 700
A° in diameter. Similar pores were described by
Agar and Douglas (2) in 2. cereeisiee. Frequently,
eleetrondense areas in the nueleoplasm were ob-
served to alternate with other less dense regions.
The adjacency of the nucleus to the cytoplasmic
vacuole, already described in yeasts (2), also was
observed in our material (Figs. 1, 2).
In Some of our sections electrondense round
bodies having approximately the size of Small
mitochendria were seen in the cytoplasm. The
identity of these bodies remains to be determined;
however, they could represent lysosomes, since
cytochemical experiments recently performed in
our laboratory (18) have demonstrated eytoplas-
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Fro. 1. Blastospore from a 48-hour culture of C. albicans grown in Sabouraud's medium
at room temperature. The cell wall (CW), a large vacuole (V), and mitoehondria (M)
are shown. The nucleus (N) is well demarcated by an electrondcnse nuclear membrane
with several pores (arrows). Fixed in 2 per cent KMnO4 for 50 minutes at 4° C. >< 27,800.
.-Jcw
Fro. 2. Blastospores of C. albir,ans from a 24-hour culture incubated at room temperature(Myeological Agar). These cells show numerous mitoehoadria (M) and one or several
vaeuoles (V) located close to the nuclei (N). Fixed in 15 per cent LiMnO4 for three and
one-half hours at room temperature. X 9,100.
FIG. 3. Well-developed mitoehondria showing
parallel eristae. C. olbicons cultured in Sabouraud's
dextrose agar at room temperature for 45 hours.
The cytoplasmie ground substance appears finely
granular. Fixation in 5 per cent LiMaO4 for three
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Fic. 4. Elongated blastospore of C. albicans. Culture incubated for 24 hours on Myco-
logical Agar at room temperature. Mitochondria, the endoplasmic reticulum (ER), the
cell wall (CW), the plasma membrane (PM) and a small vacuole (V) are shown. Same
fixation as in Fig. 2. X 16,500.
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FIG. 5. The plasma membrane (PM) of C. olbicons frequently shows intracytoplasmic
invaginations (5). The cell wall (CW) and the double layered nuclear membrane (NM)
are shGwn. Culture incubated fGr 24 hGurs on Mycological Agar. Same fixation as in Fig.
2. X 32,100.
mic granules with acid phGsphatase activity in
Can clida albicans.
Further experiments are presently being carried
out to determine whether lithium permanganate
fixation may be successfully applied to the elec-
tron microscupic study of tissues infected with C.
albicans. Also it seems possible that this fixative
nny be useful in ultrastructural studies of patho-
genic yeast-like fungi.
5UMMARY
The fine structure of blastospores of C. albicans
growing at room temperature, and following fixa-
tion with potassium permanganate and lithium
permanganate, is described. The characteristics of
the various submicroscopic components of these
cells are shown. The possibility of further applica-
tion of lithium permanganate fixation for electron
microscopic study of other mycological material
is discussed.
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